ABSTRACT. As a special contribution to the proceedings of the BeppoSAX workshop dedicated to blazar astrophysics we present a catalog of 157 X-ray spectra and the broad-band Spectral Energy Distribution (SED) of 84 blazars observed by BeppoSAX during its first five years of operations. The SEDs have been built by combining BeppoSAX LECS, MECS and PDS data with (mostly) non-simultaneous multi-frequency photometric data, obtained from NED and from other large databases, including the GSC2 and the 2MASS surveys. All BeppoSAX data have been taken from the public archive and have been analysed in a uniform way. For each source we present a νf (ν) vs ν plot, and for every BeppoSAX observation we give the best fit parameters of the spectral model that best describes the data. The energy where the maximum of the synchrotron power is emitted spans at least six orders of magnitudes ranging from ≈ 0.1 eV to over 100 keV. A wide variety of X-ray spectral slopes have been seen depending on whether the synchrotron or inverse Compton component, or both, are present in the X-ray band. The wide energy bandpass of BeppoSAX allowed us to detect, and measure with good accuracy, continuous spectral curvature in many objects whose synchrotron radiation extends to the X-ray band. This convex curvature, which is described by a logarithmic parabola law better than other models, may be the spectral signature of a particle acceleration process that becomes less and less efficient as the particles energy increases. Finally some brief considerations about other statistical properties of the sample are presented.
Introduction
Blazars emission is known to be dominated by strong and highly variable non-thermal radiation across the entire electromagnetic spectrum. Multi-frequency ground based observations, combined with data from high energy astronomy satellites, have often been used to derive the broad-band Spectral Energy Distribution (SED) of blazars, that is the source intensity as a function of energy, usually represented in the νf (ν) vs ν or νL(ν) vs ν space. These measurements are consistent with the widely accepted scenario where blazar emission is due to synchrotron radiation whose power increases with energy up to a peak value above which it drops sharply. At higher energies the spectrum is dominated by inverse Compton emission which also smoothly raises until it reaches a second luminosity peak. The often extreme observational characteristics of blazars are thought to be the result of the emission from a relativistic jet seen at a very small angle with respect to the line of sight (e.g. Urry & Padovani 1995) , an interpretation first proposed by Blandford & Rees (1978) . According to this scenario the position and the relative power of the synchrotron and inverse Compton peaks directly depend on important physical parameters such as the intensity of the magnetic field, the maximum energy at which electrons can be accelerated, and the relativistic motion and orientation of the emitting plasma. The synchrotron peak is located at energies ranging from less than ≈ 0.1 eV (or ν ≈ 10 13 Hz) to well over 10 keV (or ν ≈ 10 18 Hz) or even 100 keV in flaring states, demonstrating the existence of a wide variety of physical and geometric conditions in blazars. For these reasons the Spectral Energy Distribution of blazars has been and still is the subject of intense research activity. Figure 1 shows the expected emission from Synchrotron Self Compton models (SSC) tracing a hypothetical sequence of blazar SEDs that ranges from LBL sources where the synchrotron peak frequency (ν peak ) occurs at low energies to HBL objects where ν peak reaches the X-ray band, and up to the extremely large ν peak energies of the, possibly existing but still unseen, Ultra High energy peaked BL Lacs (UHBLs). As shown in Figure 1 , within the broadband energy spectrum of blazars the X-ray region is particularly important since at these energies a variety of different spectral components can be (and have been) seen. These include the flat and rising Compton component, the transition between the two regimes, and the high energy end of the synchrotron spectrum which is produced by very, sometimes extremely, energetic electrons. These crucial observations, in combination with other multi-frequency data allow the determination of the overall spectral shape and therefore the estimation of important physical parameters.
With its very wide X-ray band pass, good sensitivity and spectral capabilities Beppo-SAX has provided a very important opportunity to study blazars astrophysics, especially when simultaneous multi-frequency observations could be arranged.
As a special contribution to the proceedings of the BeppoSAX workshop dedicated to blazar Astrophysics we present the catalog of X-ray spectral fits and broad-band Spectral Energy Distribution of all the blazars observed with BeppoSAX whose data are currently public.
BeppoSAX Blazars: the sample
A complete description of the BeppoSAX X-ray astronomy satellite is given in Boella et al. (1997a) . The scientific instrumentation is composed of six co-aligned Narrow Field Instruments (NFI) and two Wide Field Cameras (WFC, Jager et al. 1997 ) pointing in opposite directions and perpendicularly to the pointing direction of the NFI. The NFI include the Low Energy Concentrator Spectrometer, (LECS, Parmar et. al 1997) , three identical Medium Energy Concentrator Spectrometers, (MECS, Boella et al. 1997b) , one of which (MECS1) failed in May 1997, a High Pressure Gas Scintillation Proportional Counter (HPGSPC, Manzo et al. 1997) , and a Phoswich Detector System (PDS, Frontera et al. 1997) . Collectively the NFI cover a very wide spectral range (0.1-200 keV) providing an unprecedented opportunity to study the broad band SED of blazars. During its lifetime BeppoSAX dedicated approximately 15% of its scientific program to the study of blazars performing about 200 observations of nearly 100 blazars.
We have carried out a systematic analysis of all blazar observations made with the LECS, MECS and PDS (for sufficiently bright and unconfused sources) instruments and for which the corresponding data were available in the BeppoSAX public archive (Giommi & Fiore 1997) at the date of March 2002. As BeppoSAX data are subject to the usual one year proprietary period, this approximately corresponds to observations performed in the period July 1996 -March 2001. The blazar class is usually divided in BL Lacs and Flat Spectrum Radio Quasars (FSRQs), these last also including GigaHertz Peaked Spectrum (GPS) QSOs.
Our list includes a total of 84 blazars, 58 of which are BL Lacs, 22 are FSRQs, and 4 (1JY 2149 −3006, PKS 2126 −15, OX 57 and PKS 2243 are GPS QSOs. These sources were observed as part of several BeppoSAX projects and were discovered both in the radio and the X-ray band, sometimes in surveys with widely different flux limits. In addition the BeppoSAX selection process clearly favoured objects that were known to be X-ray bright and possibly detectable by the high energy instruments (PDS). The sample is therefore highly heterogeneous and cannot be used for detailed statistical analyses requiring strict completeness criteria. The size of the sample and its heterogeneity nevertheless provide an unprecedented opportunity to explore a very wide portion of the blazar parameter space.
The lists of BL Lacs and FSRQs considered in this paper are presented in Tables I Fig. 1 . The Spectral Energy Distribution of BL Lacs is shown as a sequence of Synchrotron Self Compton spectra peaking at different energies. Objects whose synchrotron component peaks at low energy are called LBLs, the maximum of their synchrotron power output occurs in the IR-Optical band, while High energy peaked BL Lacs (HBLs) peak in the UV or X-ray band. It is not known how far the sequence of ν peak goes on. If it continues to very high energies it could be that in some very extreme objects (UHBLs) the synchrotron component might even reach the gamma-ray band. Note that for the same peak luminosity, the radio power decreases by orders of magnitudes in going form LBLs to HBLs and possibly to UHBLs.
and II, respectively. Column 1 gives the name of the object, columns 2 and 3 give the Right Ascension and Declination for the equinox 2000.0, column 4 gives the redshift when available, column 5 gives the number of BeppoSAX observations available in the public archive, and column 6 gives the references to previous BeppoSAX publications. In general, sources brighter than ≈ 5 × 10 −12 erg cm −2 s −1 can be detected in all three BeppoSAX NFI instruments considered in this paper (LECS, MECS, and PDS), fainter sources can only be detected in the imaging instruments (LECS and MECS) up to 10 keV. A total of 157 spectra have been analysed.
Data analysis
All LECS, MECS and PDS cleaned and calibrated spectral data (pha files) have been taken from the BeppoSAX public archive (Giommi & Fiore 1997) . The standard Beppo-SAX procedure that generated these archival spectra used photons located within a circular region centered on the source with a typical radius of 4 arcminutes for the MECS data and of 6 arcminutes for the LECS data. For the case of weak sources, however, this procedure used a radius of 4 and sometimes even 2 arcminutes to extract the LECS spectra, a value that turned out to be too small to ensure a good signal-tonoise ratio. All LECS spectral files that were originally produced using a 2 arcminutes radius have been re-generated by us using a more adequate 4 arcminutes radius. In a few cases non-standard extraction radii had to be used to avoid contamination from a nearby source. Background subtraction was carried out using the standard background files available from the BeppoSAX archive. Since these background data were taken observing "blank" areas of the sky (that is fields not including a detectable target) with low Galactic absorption (N H ), the low energy counts of X-ray sources located in regions of high N H may be underestimated. We have therefore ignored data below 0.3 keV. Finally, spectral channels were binned in such a way that each channel includes at least 20 counts.
All data were analysed in a homogeneous way following the recommendations given in the BeppoSAX handbook for NFI spectral analysis (Fiore et al. 1999) .
We have combined LECS data covering the range 0.3-2.0 keV, MECS data between 2-10 keV, and, for bright and unconfused sources, PDS data above 12 keV and up to the maximum energy at which these sources could be detected.
Spectral models
Spectral fits have been done with the XSPEC 11.0 package using one of the following spectral models 1. single power law
2. sum of two power laws
in this last case γ is the photon spectral index at 1 keV and β is the coefficient of the quadratic term in the logarithmic parabola (
2 ), which is proportional to the slope change in an energy decade. This spectral law was first used by Landau et al. (1986) who were able to obtain very good fits to the wide band spectra (mm to optical-UV) of a number of BL Lacs. More recently, Massaro et al. (2000) and Cusumano et al. (2001) successfully applied this model to fit the X-ray spectra of young pulsars and developed the XSPEC routine used in the present work. With respect to other curved spectra, the log-parabola has the advantage of describing well the spectral curvature that is often seen in the broad band spectrum of blazars with only three parameters. Furthermore, as discussed by Massaro (2002) , it is possible to show that a log-parabolic spectrum is naturally obtained by a statistical acceleration mechanism where the probability for a particle to remain inside the acceleration region is assumed to decrease as the particles energy grows.
The amount of N H in the low energy absorption term (e −σ(E)NH ) was always fixed to the Galactic value as estimated from the 21 cm measurements of Dickey & Lockman (1990) .
The LECS-MECS and MECS-PDS relative normalizations were treated as free parameters but constrained to be within 0.6 and 1.1 and 0.8-1.0, respectively. Typical values are 0.7 for LECS/MECS and 0.9 for MECS/PDS, as expected from the BeppoSAX NFI intercalibration (see Fiore et al. 1999 for details).
Results of the spectral fitting
The results of our spectral fits are reported in Tables III-IV , where, for each source, we give the best fit parameters for the spectral model that gives the lowest χ 2 . For sources that were observed more than once only one model was used choosing the one that gives the lowest χ 2 in most of the observations. Column 1 gives the source name built with the J2000.0 coordinates (for reasons of space we use here a IAU like naming convention rather than the full name), column 2 gives the observation date, columns 3, 4, 5, 6 and 7 give the model used and the best fit parameters (with one sigma errors), column 8 gives the reduced χ 2 and the number of degrees of freedom, column 9 gives the 2-10 keV flux in units of erg cm −2 s −1 . To keep the amount of work manageable we have neglected the effects of rapid variability always integrating the spectral data over the full observation. The high χ 2 values that resulted from the analysis of some rapidly variable sources are due to significant spectral changes that usually accompany large intesity variations (e.g. Giommi et al. 1990 , Tanihata et al. 2001 . The best estimates of the β parameter in model 4 are mostly negative and between −0.5 and −0.15; the few positive values attest the presence of an upward spectral curvature due to presence of both the synchrotron and the Compton component in the BeppoSAX band.
As all of the data used in this work are publicly available, a large fraction of the BeppoSAX spectra has already been analysed and published by the original investigators. We have therefore compared the results of our fits with published results and we have found that, when the spectral model used is the same, our best fit parameters agree well with the published values.
Spectral Energy Distributions
In order to build the broad band (radio to hard X-ray) Spectral Energy Distributions we have first converted all BeppoSAX spectra into flux using the best model and best fit parameters listed in Tables III-IV . We have then de-reddened the soft X-ray fluxes using the cross sections of Morrison & McCammon (1983) setting the amount of absorbing material (N H ) equal to the Galactic value, consistently with the fitting procedure. We have then combined these X-ray fluxes with (mostly non-simultaneous) multi-frequency photometric measurements available from NED or from specific BeppoSAX publications. We have also added infrared and optical fluxes converting magnitudes from the blazars counterparts in the 2MASS and GSC2 catalogs (when available) using the prescriptions given in Cardelli et al. (1989) . In several nearby objects (e.g. Mkn 421, Mkn 501, 3C 66A, PKS 0548−322) the optical emission is dominated by the host galaxy and therefore our fluxes should be considered as an upper limit to the non-thermal nuclear emission.
All SEDs are plotted in Figures 2a through 2o for BL Lacs and in Figures 3a through 3g for FSRQs. Fluxes have not been corrected for redshift and therefore are in the observer's frame.
All the SEDs, including the data files, and spectral fitting details are also available on-line from the ASI Science Data Center web server at the following address http://www.asdc.asi.it/blazars/ 
Summary and Conclusion
We have presented the X-ray spectrum and the Spectral Energy Distribution of a large sample of blazars observed by BeppoSAX with the aim of providing a single homogeneous reference for this type of BeppoSAX data. The collection of the results presented here together with all the data is also available as part of the BeppoSAX archive at the ASI Science Data Center (ASDC) at the following address http://www.asdc.asi.it/blazars/ Given the heterogeneous nature of the sample we have not attempted to perform any deep statistical studies. In the following we summarize our work and give some remarks about possible interpretations. More detailed statistical studies or deeper interpretations are reported elsewhere or will be the subject of future publications. 13 Hz) for which the X-ray emission is dominated by the flat inverse Compton radiation and of an Intermediate BL Lac (ON 231, ν peak ≈ 1 eV ≈ 2 × 10 14 Hz) where the simultaneous optical and BeppoSAX observations (Tagliaferri et al. 2000) clearly show that the transition between the synchrotron and inverse Compton emission occurs in the soft X-ray band. Fig. 5 . Spectral energy distributions of HBLs where the X-ray emission is completely dominated by synchrotron radiation. In the case of PKS 2155−304 ν peak is at ≈ 50 eV ≈ ×10
16 Hz while for the extreme HBL 1H 1430+423 ν peak is above 10 keV. Fig. 6 . The distribution of the synchrotron peak frequencies in the FSRQ and in the BL Lac subsamples. While the ν peak values for FSRQs strongly cluster around 10 14 Hz, a much wider distribution is present in the BL Lacs subsample. In the latter case the distribution is strongly biased towards high ν peak values by the BeppoSAX time allocation process which favoured X-ray bright (and therefore high ν peak ) objects that could be detected by all NFI instruments.
The SED of the 84 blazars considered in this work confirms with large statistics the widely accepted scenario where blazar emission is smooth across several decades of energy and is characterized (in a νf (ν) vs ν representation) by two broad peaks which are usually interpreted as being due to synchrotron emission followed by inverse Compton radiation.
A wide range of X-ray spectral indices has been observed, ranging from very flat values in Compton dominated sources like PG 1418+546 to very steep spectral slopes in objects where the tail of the synchrotron emission just reaches the X-ray band. A sharp transition from a very steep soft X-ray component to a much flatter hard X-ray spectrum, marking the transition between the synchrotron and Compton emission, has been clearly detected in a number of objects. Examples are given in Figures 4 and 5 where, for four representative objects, we plot the observed SED together with the expected distribution from a SSC model peaking at appropriate ν peak values.
When viewed only from the narrow soft X-ray band, as was done in the past, these SEDs clearly show that the local X-ray spectral index must be correlated to the X-ray to radio flux ratio (f x /f r ) as was first found by Padovani & Giommi (1996) and by Lamer, Brunner & Staubert (1996) in large samples of BL Lacs observed with ROSAT.
The position of the synchrotron peak, estimated comparing the SEDs to SSC models such as those shown in Figures 4 and 5, spans at least six orders of magnitudes ranging from ≈ 0.1 eV in e.g. PKS 0048−097 or S5 2116+81 to 10-100 keV in some extreme HBL BL Lacs like Mkn 501 and 1H 1430+423.
Very strong intensity and spectral variability can occur near the synchrotron (and inverse Compton) peak. The position of this peak can move to higher energy by up to two orders of magnitude (or perhaps more) during flares.
It is not clear what is the maximum ν peak that can be reached and whether Ultra High energy synchrotron peaked BL Lacs (UHBL) exist. A few potential UHBL sources may be present in the Sedentary survey (Giommi, Menna & Padovani 1999 , Perri et al. 2002 , which by definition only includes extreme HBL objects, especially those few that are located within the error circle of unidentified EGRET sources. If these candidates turn out to be the real counterpart of the EGRET gamma-ray sources their ν peak would be so high that their synchrotron radiation would reach the gamma-ray band. One such object, 1RXS J123511.1−14033 (see Figure 2i) , was observed by BeppoSAX on three occasions but always with short integration times giving inconclusive results (Giommi et al. 2002, in preparation) .
The observed distributions of ν peak values (rest frame), obtained by fitting SSC models to the multi-frequency data shown in Figure 2a -2o and 3a-3g, are plotted in Figure  6 for the FSRQ (top panel) and the BL Lac (bottom panel) subsamples. The two distributions are certainly affected by selection effects, including that induced by the BeppoSAX time allocation process which, by necessity, favoured high ν peak /X-ray strong sources which could be detected by the high energy instruments. Although this bias is clearly present in the BL Lac subsample where a large fraction of the sources are X-ray bright HBL objects, in the case of FSRQs most of the objects have low ν peak . This is because FSRQs are in general more luminous than BL Lacs and especially because FSRQs with ν peak > 10 16 Hz are very rare. To date the only FSRQ (RGB J1629+4008 = 1ES 1627+402, see Figure 3d ) whose synchrotron emission reaches the X-ray band was found by Padovani et al. 2002b . A logarithmic parabola model, which can describe the spectral curvature of blazars in a very wide energy band with only three parameters (see Landau et al. 1986 ), fits better than other models (e.g. broken power law) the spectrum of HBL objects whose X-ray emission is still due to synchrotron radiation. The average amount of spectral curvature, as measured by the β parameter in the log parabola model of paragraph 3.1 is −0.38 +/− 0.1, a value somewhat steeper (possibly because of the energy dependant synchrotron cooling), but not too different, than the amount of curvature found by Landau et al. 1986 (−0.22 to −0.09 ) in a sample of BL Lacs whose synchrotron power peaks at infra-red, optical frequencies. This similarity points to an intrinsically similar curvature in the spectrum of the emitting particles. The smoothly changing slope could be the spectral signature of a statistical acceleration mechanism where the acceleration process becomes less and less efficient as the particle's energy increases (Massaro 2002) . In this scenario the widely different synchrotron ν peak energies in LBL and HBL objects would be the result of the inefficiency in the acceleration process that sets off at different energies.
